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(54) Multiple sensor vehicle occupant detection for air bag deployment control 



(57) A passenger detection system is provided. The 
passenger detection system utilizes an oscillation circuit 
that causes an antenna electrode to emit an electric field 
that is disrupted by the electrical characteristics of an 
object placed on the seat. This disruption alters the cur- 
rent and phase of the signal in the antenna electrode. 
By comparing the current flowing in the antenna elec- 



trode and/or the difference between the phase of the sig- 
nal in the antenna electrode and the oscillation circuit 
output signal with predetermined threshold values, it is 
possible to detect the presence of a passenger in a re- 
liable and inexpensive manner. Environmental sensors 
are used to make the determination more accurate. Hu- 
midity, moisture and/or grounding condition are detect- 
ed and used to alter processing, values or calculations. 
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Description 
BACKGROUND 

[0001] The present invention is related to passenger 
detection systems, and in particular to passenger detec- 
tion systems that can readily classify an attribute of a 
passenger of an automobile in which an air bag device 
is Installed. 

[0002] Air bag devices ease the shock that a passen- 
ger experiences during an automobile collision. Air bags 
are installed in front of the driver's and passenger's 
seats. Air bags may be installed in other locations, such 
as to the side of a fon/vard facing passenger. 
[0003] In a typical air-bag system , the control system 
includes a control circuit that receives a signal from an 
electrical acceleration sensor (shock detection sensor), 
and transmits control signals to the gates of normally- 
open semiconductor switching elements. The switching 
elements are respectively connected in parallel paths 
between a system operating voltage and ground. Each 
path includes a safing sensor, a squib circuit and the 
switching element. The squib circuits are connected to 
the gas sources of the air bag devices. 
[0004] In operation, the air bag control system only 
deploys the air bags when both of the safing sensors 
close, and when the electrical acceleration sensor clos- 
es. Cun^ent flows from the system operating voltage to 
ground through each of the squib circuits, thereby caus- 
ing respective gas sources to deploy (inflate) the air 
bags. 

[0005] IVIany air bags are designed to deploy in front 
of the torso of an adult passenger seated In the seat. 
When a rear facing infant seat (hereafter RFiS) is locat- 
ed on the front passenger seat, it is desirable for the 
passenger-side air bag not to deploy. It may also be de- 
sirable for the passenger-side air bag not to deploy for 
a fonA/ard facing child seat (hereafter "FFCS") or child. 
Likewise, deployment may be limited for side Impact air- 
bags based on whether a child or short person is leaning 
towards the air bag. 

[0006] Passenger detection sensor types have been 
proposed for detecting a RFCS, an FFCS or children. 
Systems using electric fields to detect characteristics of 
a load in a seat are disclosed in U.S. Patent Nos. 

5,948,031, (Serial No. 09/413,099, 

filed October 5, 1999), and (Serial 

No. 09/678,21 5, filed Sept. 29. 2000). Othersystems us- 
ing capacitive sensing, such as systems to detect a 
change in phase or frequency due to the presence of a 
passenger, have also been proposed. Both types of sys- 
tems rely on transmission and reception from one or 
more antenna or electrodes. 

[0007] Since airbags deploy forcefully and quickly, 
sensors for correctly detennining whether any passen- 
ger is in a desirable or undesirable location are desired. 
Such sensors may prevent injury. By correctly avoiding 
deployment of the airbag when no passenger Is present, 



replacement costs may be avoided. 
SUMMARY 

5 [0008] The present Invention is defined by the follow- 
ing claims, and nothing in this section should be taken 
as a limitation on those claims. By way of introduction, 
the prefenred embodiment described below includes 
multiple sensor vehicle occupant detection for air bag 
10 deployment control. 

[0009] A humidity and/or moisture sensor is used in 
addition to sensors for detecting the characteristic of a 
load or passenger. The measurements of the sensors 
for detecting the characteristic of the passenger are ai- 
ts tered to account for humidity in the air or wetness adja- 
cent the electrode. Humidity readings may also be al- 
tered based on the wetness adjacent the humidity sen- 
sor. 

[0010] An occupants connection to ground is also 
20 used in addition to sensors for detecting the character- 
istics of a load or occupant. The connection to ground 
of any occupant is measured using the sensors for de- 
tecting the characteristics of the occupant. The meas- 
urements relating to characteristics of the occupant are 
25 altered in response to the detected level of connection 
to ground. 

[001 1 ] In accordance with a first aspect, a vehicle pas- 
senger detection system and associated method for 
sensing a passenger in a passenger seating area is pro- 

30 vided. The system includes a passenger detection sys- 
tem and a humidity sensor connected with the passen- 
ger detection system. The passenger detection system 
is responsive to the humidity sensor. 
[0012] In accordance with a second aspect, another 

35 vehicle passenger detection system and associated 
method for sensing a passenger in a passenger seating 
area Is provided. The system includes a passenger de- 
tection system and a moisture sensor connected with 
the passenger detection system. The passenger detec- 

40 tiori system is responsive to the moisture sensor. 

[0013] In accordance with a third aspect, a vehicle 
passenger detection method and associated system for 
sensing a passenger in a passenger seating area is pro- 
vided. The method comprising the acts of: (a) connect- 

45 ing a first electrode to ground; (b) measuring a first sig- 
nal at a second electrode while the first electrode is con- 
nected to ground; (c) disconnecting the first electrode 
from ground;(d) measuring a second signal at the sec- 
ond electrode with the second electrode is disconnected 

50 from ground; and (e) detemnining a grounded state of 
the passenger as a function of the first and second sig- 
nals. 

[001 4] Further aspects and advantages are described 
below. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Figures 1 (a) and 1 (b) are diagrams showing the ba- 
sic operation of a passenger detection system uti- 
lizing electric field transmissions, wherein Figure 1 
(a) shows an undisturbed electrical field distribution 
between two electrodes, and Figure 1(b) shows an 
electrical field distribution when an object is present 
between the two electrodes. 
Figure 2 is a graphical representation of one em- 
bodiment of an arrangement of a plurality of elec- 
trodes. 

Figure 3 is a block diagram showing one embodi- 
ment of a passenger detection system. 
Figure 4 is a block diagram showing another em- 
bodiment of a passenger detection system. 
Figure 5 includes top and side views of one embod- 
iment of an arrangement of electrodes. 
Figure 6 is a flow chart representing one embodi- 
ment of a method of detecting a passenger. 
Figure 7 is a graphical representation of electrode 
layers positioning relative to a load in one embodi- 
ment. 

Figure 8 is a flow chart representing one embodi- 
ment of a method for classifying a passenger. 
Figure 9 is a graphical representation of one em- 
bodiment of an arrangement of electrodes. 
Figure 10 is a graphical representation of another 
embodiment of an arrangement of electrodes. 
Figure 1 1 is a circuit diagram of one embodiment of 
a receiver channel with a humidity sensor. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The Figures show various embodiments that 
utilize electrodes to detect the presence or characteris- 
tics of a passenger. The measurements from the elec- 
trodes may be altered in response to humidity and/or 
moisture sensors. The measurements may also be al- 
tered in response to an amount of ground connection to 
the passenger determined from electrode measure- 
ments, such as measurements at different frequencies. 
The ground, humidity and/or moisture detections ac- 
count for environmental conditions that change the 
measurements for passenger detection. 
[0017] As representing in Figures 1(A) and 1(B), 
minute electric fields between two electrodes positioned 
in the passenger seat are detected. An electric field is 
created as a result of the potential difference between 
the electrodes when a highf requency, low-voltage signal 
is applied to one electrode and the other electrode is 
connected to ground. This electric field produces a cur- 
rent (the receive current) flowing from one electrode 
(non-transmitting) to ground. If a body (passenger or oc- 
cupant) Is present in the electric field, disturbances in 
the electric field alter the current. Likewise, a cun'ent 



(the loading current) provided to the transmitting elec- 
trode is also altered In response to the presence of the 
body. 

[0018] The body acts as a capacitor having one ter- 

5 minal connected to ground. The impedance (resistance 
and capacitance) of the body shunts the electric field to 
ground. When the body is In the vehicle seat, changes 
in the current flowing at the transmitting and any receiv- 
ing electrodes occur in response to the electrical char- 
ge acteristics of the body. For example, the loading current 
is larger for closer and/or larger bodies. Using this phe- 
nomenon, the presence of a passenger in the seat is 
detected by comparing the detected cun'ent with a 
known value. In particular, one or more characteristics 

15 of the object in the seat are obtained, Including whether 
or not the object is an adult-sized person sitting normally 
in the seat. By using electrodes at known or predictable 
different distances from the object, even more infonma- 
tion is obtained. Therefore, the presence and location 

20 of a passenger in the seat is precisely detected. 

[0019] Humidity, moisture or grounding detection may 
provide for more accurate detenrtination of the presence 
and characteristic of the passenger. One or more of 
these detected environmental conditions is used to alter 

25 the measured currents, an applied algorithm, a calcula- 
tion, a selected comparison table or other value. Based 
on experimentation or theory, the effect of humidity, 
moisture and grounding conditions are removed or re- 
duced from the detection of a passenger. 

30 [0020] Figure 2 is a perspective view showing a seat 
1 incorporating electrodes E1 through E4 of the passen- 
ger detection system in accordance with a first embod- 
iment. The electrode El -E4 are formed from rectangular 
sheets of conductive material. Each electrode E1-E4 is 

35 the same or different shapes than other electrodes, and 
any shapes may be used, including square, spiral, rec- 
tangular, oval, circular, donut shaped, rectangular with 
a hollow center or other polygonal and/or rounded 
shapes. The electrodes E1-E4 include metal fibers 

40 sewn into the seat cover fabric, conductive paint applied 
to the surface of the seat, conductive tape, conductive 
sheets or metal plates installed under the seat cushion. 
[0021] The electrodes El and E2 are mounted oh the 
base portion 1 a of the seat 1 , and the electrodes E3 and 

45 E4 are mounted on the back portion 1b. These elec- 
trodes are positioned with respect to anticipated seating 
positions of a passenger in the seating area, and are 
mounted to facilitate seating comfort. In altemative em- 
bodiments, more or fewer electrodes in the same or dif- 

50 ferent positions may be used, such as using seven elec- 
trodes in the seat back portion (e.g. six arranged verti- 
cally in the center of the seat back and one on a seat 
edge nearest the door) with no electrodes on the seat 
bottom portion or electrodes in the seat bottom portion 

55 1 b with no electrodes in the seat back portion 1 a. In oth- 
er embodiments, the electrodes are positioned at other 
locations within the passenger compartment, such as 
on the floor. In the dash, in the door, in the roof or com- 
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binations thereof. In yet other alternative embodiments, 
infrared, ultrasonic or other mechanisms for detection 
the presence and position of an occupant are used. 
[0022] The seat 1 also includes a humidity sensor H1 
and a moisture sensor W1 . The humidity sensor H1 and 
moisture sensor W1 are positioned in the seat 1 , such 
as adjacent one or more of the electrodes El -E4 within 
an aperture in the seat foam. 

PASSENGER DETECTION: 

[0023] Figure 3 shows one general embodiment for a 
passenger detection system 400. The system 400 in- 
cludes a occupant sensing unit 402, a supplementary 
restraint system (SRS) 404 and a display meter 406. 
The occupant sensing unit 402 provides control signals 
to the SRS 404 to disable or enable air bag activation. 
A warning lamp signal is provided to a occupant warning 
lamp 408 of the display meter 406. The occupant warn- 
ing lamp 408 Indicates the classification of the occupant 
detemriined by the occupant sensing unit 402. Alterna- 
tively, the occupant warning lamp 408 indicates whether 
the SRS 404 Is enabled or disabled. An SRS warning 
lamp 410 indicates whether the SRS 404 is operative. 
[0024] The occupant sensing unit 402 includes an oc- 
cupant sensor 412 for detecting the size and/or sitting 
posture of an occupant to detemiine whether to enable 
the SRS 404 at a low level of power for deployment, a 
high level of power for deployment or disable the SRS 
404. A communication block 414 communicates either 
bi-directionally or uni-dlrectionally with the SRS 404. A 
warning lamp control block 41 6 activates the occupant 
waming lamp 408 as discussed above. An optional re- 
cording block 418 records any failure codes of the oc- 
cupant sensing unit 402 and/or the various characteri- 
zations of any occupant detennined by the occupant 
sensing unit 402. An optional trouble diagnosing block 
420 detemilnes whether the occupant sensing unit 402 
is operating properly and provides for external commu- 
nications. 

[0025] The occupant sensor 41 2 includes an array of 
electric field sensors 422, an electric field driver and de- 
tector 424 and an occupant identifier 426. The electric 
field sensors 422 comprise electrodes distributed as dis- 
cussed above. The electric field driver and detector 424 
comprise an oscillator and current measuring circuitry 
for generating the electric fields with the electric field 
sensors and measuring receive and/or loading currents, 
respectively. Receive currents comprise currents gen- 
erated In an electrode other than the electrode used for 
transmitting. The loading current comprises a current in 
an electrode used for transmitting. The occupant iden- 
tifier 426 comprises a processor or analog circuitry for 
classifying any occupant as a function of the measured 
currents. 

[0026] The system 400 may be implemented with var- 
ious circuits and/or methods. Some exemplary circuits 
and methods are discussed in U.S. Patent Nos. 



5,948.031, 6,161,070, (Serial No. 

09/413,099, filed October 5, 1999), and 

(Serial No. 09/678.215, filed Sept. 

29. 2000), the disclosures of which are Incorporated 

5 herein by reference. In altematlve embodiments, the 
passenger detection system comprises capacitive, ul- 
trasound, infrared, visible light or other sensing systems 
for detecting the presence of a passenger. 
[0027] One embodiment of the system 400 of Figure 

10 3 is shown In Figure 4. In particular, a system 500 in- 
cludes a microprocessor 502, a detector 504, a oscillat- 
ing circuit 506, signal conditioners 508, sensors 5 1 0 and 
selecting circuits 512 and 514. 
[0028] Two or more paths for generating and detect- 

15 ing the load current are provided. One such path is de- 
scribed below. The other paths comprise the same or 
different components. In alternative embodiments, one 
or more of the paths are used for measuring received 
cun^ents or both loading and receiving currents. In the 

20 path, the oscillating circuit 506 comprises an oscillator 
that generates an AC signal, such as about a 100-120 
kHz frequency signal in the range of 5 to 12 volts (e.g. 
7 volts) or at another voltage. 
[0029] The signal conditioners 508 comprise opera- 

25 tional amplifiers 516, 518 and 520 and a resistor 522. 
The operational amplifier 516 connected with the oscil- 
lating circuit 506 buffers the signal to provide a constant 
voltage source. The signal is provided through a shield- 
ed cable 524 to an electrode 526 of the sensor 51 0. An 

30 electric field is generated in response to signal. When a 
load to the sensor 51 0 increases, the voltage across the 
resistor 522 increases. The amount of change in the 
voltage is buffered by the operational amplifier 51 8 con- 
nected with the shield of the shielded cable 524. This 

35 operational amplifier 51 8 preferable has a high input im- 
pedance and low output impedance to maintain the volt- 
age level of the shield at the same level as center con- 
ductor, shielding the sensor 51 0 from adjacent conduc- 
tive materials. 

40 [0030] The operational amplifier 520 connected with 
the detector 504 provides current gain to the loading cur- 
rent. The detector 504 comprises a full-wave rectifica- 
tion circuit 528 and a filter circuit 530. The amplitude or 
change in amplitude of the loading current is detected 

45 by rectifying the output of the operational amplifier 520. 
The rectified signal is filtered by the filter circuit 530, 
such as an analog low pass filter. 
[0031] Two possible embodiments are shown in Fig- 
ure 4 for the paths of two or more sensors 510 to the 

50 detector 504. In one embodiment, each path Includes 
separate components except for the microprocessor 
502 (as represented by the path labeled S-individual 
sensor). In an alternative embodiment, each path also 
shares the oscillating circuit 506 and the detector 504. 

55 Alternatively, a combination of shared paths and individ- 
ual paths, as shown, is used, circuits 
[0032] Preferably, shared paths are used. The individ- 
ual path is removed. The selecting circuits 512 and 514 
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comprise multiplexors or a shared multiplexor controlled 
by the microprocessor 502. One selecting circuit con- 
nects the oscillating circuit 506 to each sensor path and 
the other selecting circuit connects the detector 504 to 
each sensor path. For classification with loading cur- s 
rents, one selecting circuit that connects both the oscil- 
lating circuit 506 and the detector 504 to the same path 
may be used. For classification with receive currents or 
combinations of both receive and loading currents, the 
selecting circuits 514 and 512 operate independently. io 
[0033] The output of the detector 504 is connected 
with the microprocessor 502. The microprocessor 502 
comprises an ASIC, processor, digital signal processor 
or other digital device for generating safety restraint sys- 
tem (SRS) control signals. For example, a PD78052CG ^5 
(A) microprocessor manufactured by NEC Corporation 
of Japan is used and includes an analog to digital con- 
verter(s). 

[0034] The microprocessor 502 converts the analog 
signal to a digital signal. The microprocessor 502 meas- 20 
ures the loading and/or receive currents to classify any 
occupant. Small loading current amplitudes indicate the 
presence of a load. The amplitude and/or change in am- 
plitude represent changes in the impedance of the load. 
The load impedance varies as a function of the effective 
surface of the load (size) and the distance between the 
load and the electrode 526. Phase or frequency may al- 
so be measured to further indicate the impedance of the 
load. 

[0035] Based on the resulting digital values, such as 
8 bit values, representing the received currents, the mi- 
croprocessor 502 determines the size, shape, position 
and/or other characteristic of a passenger. The charac- 
teristic is detennined as a function of a mathematical 
algorithm or a comparison. For example, using an EEP- 
ROM, RAM or another memory device, the digital values 
are compared to thresholds or data representing the 
characteristic based on experimentation. 
[0036] The load is characterized as a function of the 
array of electrodes. Any arrangement of one or more 
electrodes may be used. Figure 5 shows one embodi- 
ment of an arrangement 1 00 of electrodes. A plurality of 
electrodes 102, 104, 106, 108, 110 and 112 are ar- 
ranged in two layers. The layers are separated by an 
insulator 114. Preferably, the insulator 114 comprises a 
seat cushion (e.g. 3/8 inch thick polyethylene foam), a 
rigid body, air or other devices which are permeable to 
electromagnetic energy. In this embodiment, the elec- 
trodes 1 02, 1 04, 1 06, 1 08, 1 1 0, and 1 1 2 comprise a con- 
ductive film, but may be a conductive fabric, foil or other 
conductive material. The electrodes 1 02, 1 04, 1 06, 1 08, 
110, and 112 are connected with a base portion of the 
seat, such as centered in the base portion and aligned 
in an array from the front to the back of the seat. 
[0037] The shape created by the electrodes in each 
layer may be different. For example, different shaped 
electrodes are used for each layer. Each layer is prefer- 
ably in one plane, but may be arranged in a non-planar 



arrangement. For non-planar arrangements, a phantom 
layer of electrodes is created as a function of the elec- 
trodes used to make a measurement. 
[0038] The arrangement 100 is connected with the 
seat by being within the seat, adjacent to the outer sur- 
face of the seat or at the outer surface of the seat. The 
arrangement 100 is thus adjacent to the passenger 
seating area. The two or more layers are different dis- 
tances from the outer surface of the seat (i.e. different 
distances from the passenger seating area). 
[0039] In one embodiment, the loading currents from 
a plurality of electrodes are measured. For example, 
loading currents are measured sequentially from each 
electrode using the system of Figure 4. In this example, 
while the loading current of one electrode is measured, 
the other electrodes are grounded. Alternatively, one or 
more of the other electrodes are electrically isolated (not 
connected to ground). 

[0040] Figure 6 shows a flow chart of one prefenred 
embodiment for sensing a characteristic of a passenger. 
This process is repeated in real-time. In act 202, an elec- 
tric field is generated. For example, an AC signal is pro- 
vided to one of at least two electrodes at different dis- 
tances from an outer surface of a vehicle seat. The os- 
cillation circuit 506 (Figure 4) generates the alternating 
current (AC) signal having a known voltage amplitude 
and frequency. The AC signal causes the electrode to 
emit the minute electric field in the passenger area ad- 
jacent to the seat. The electrical characteristics of an 
object seated or placed on the seat (i.e., in the vicinity 
of the antenna electrode) disrupt the electric field. This 
electric field disruption alters the amount of current flow- 
ing in the antenna electrode and causes the phase of 
the AC signal generated on the antenna electrode to dif- 
fer from the original AC signal generated by the oscilla- 
tion circuit. 

[0041] In act 204, the signal at one of the at least two 
electrodes is measured. For example, the loading cur- 
rent or a received current is detected and converted to 
a voltage. In the embodiment of Figure 4, an impedance 
or resistance element and a differential amplifier (or oth- 
er amplifier) is used to measure the current In the elec- 
trode. One such impedance/resistance element is a 
RR1220P-103-D, manufactured by Susumukougyou of 
Japan, that is connected to the electrode. The differen- 
tial amplifier Is connected across the Impedance/resist- 
ance element and generates the current signal based 
on the voltage differential across the impedance/resist- 
ance element In particular, the current differential am- 
plifier compares the voltage level of the oscillation circuit 
output signal with the voltage level generated on the an- 
tenna electrode, and generates the current signal that 
indicates the difference. 

[0042] Note that the detection cun'ent of the current 
detection circuit increases when a person is seated in 
the seat. It decreases when luggage is in the seat, or 
when the seat is empty. In either case, there is a differ- 
ence in the detected current level between these occu- 
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pied and unoccupied conditions. The same is true for 
the phase differential. 

[0043] In act 205, the signal at the other of the at least 
two electrodes is measured. For example, the loading 
current or a received current is detected and converted s 
to a voltage. The measurement at each electrode may 
be sequential loadingcurrent measurements or sequen- 
tial receive current measurements. Alternatively, a load- 
ing current Is measured at one electrode and a receive 
current is measured at the other electrode either simul- 
taneously or sequentially. 

[0044] The current and/or the phase differential are 
compared with stored values to accurately identify 
whether or not an adult passenger Is seated in the front 
passenger seat. 

[0045] The measured currents are used to detemilne 
the height, position, size, orientation, movement and/or 
other characteristic of a passenger. Other characteris- 
tics may be detemiined, such as disclosed in U.S. Pat- 
ent No. 5,914,610, the disclosure of which is herein in- 
corporated by reference. For example, the change In 
distance R as a function of time shows movement. 
[0046] Figure 7 represents the use of two layers 600 
and 602 to determine the size A and distance R of a load 
604. For example, the load 604 comprises an occupant 
on a seat in a passenger seating area. The load 604 Is 
a distance R away from the top layer 600 of electrodes. 
The top and bottom layers 600 and 602 are separated 
by a distance d. 

[0047] With two electrodes separated from the outer 
surface of the seat by the distance, d, the load A and 
distance R is detemnined. The loading current S, load A 
and distance R are related as represented by S=K(A/ 
R), where K is a constant. Using at least two different 
loading cun^ent measurements, one for the electrode 
closest to the passenger (e.g. the top electrode) (St) and 
one for the electrode furthest from the passenger (e.g. 
the bottom electrode)(Sb), the load and distance are de- 
termined as a function of the distance between the elec- 
trodes d. Thus, the characteristic of the occupant Is de- 
temnined as a function of the difference in distances be- 
tween the electrodes from the outer surface of the seat. 
St=K1(A/R) and Sb=K2(A/(R+d)). Solving for A and R, 
A=(d*Sb*St)/(St-Sb) and R=(d*Sb)/(St-Sb). Thus, the 
size of the load and distance from the electrodes is de- 
temiined. In alternative embodiments, the A and R are 
solved without the scaling distance d and/or as a func- 
tion of currents received at non-transmitting electrodes. 
[0048] Preferably, more than two electrodes are used, 
such as the six electrodes shown in Figure 5. With an 
an^ay of electrodes, the distribution of a load is detenni- 
nable. For example, the load A and distance R are de- 
termined using different pairs of electrodes, providing 
loads and distances adjacent various locations of the 
an^ay. Using the six electrodes, three different loads and 
distances are detemiined. A greater number of elec- 
trodes in the array or additionally using received cur- 
rents in non-transmitting electrodes provide for greater 



spatial resolution. 

[0049] In one embodiment, the insulator 114 Is softer 
semi-rigid, allowing for the distance between electrode 
layers to vary predictably. For example, the electrodes 
are positioned on different sides of a cushion or foam 
Insulator. As a result, the distance between the layers 
varies as a function of the load as represented by d=f 
(A). The distance varies as a function of the weight of 
the passenger. In one embodiment, d=c-kA where c and 
k are constants detemiined, at least in part, as a function 
of the compressibility of the insulator and/or experimen- 
tation. Alternative representations of the distance d may 
be used, such as d=c-(l<1 )A-(I<2)A2, where c, l<1 and k2 
are constants. Using the equations discussed above, 
the load and distance from the arrangement 100 Is de- 
temiined as a function of the distance between the elec- 
trodes. This may allow for more accurate determination 
of the load by accounting for the load impact on the sys- 
tem. 

[0050] Based on the detemiined load and distance in- 
fonnation, the load Is characterized. For example, the 
load is classified as (1 ) an adult in one or more positions, 
(2) a child or small adult in one or more positions, (3) a 
child in a FFCS, (4) an infant in an RFCS, or (5) another 
object. The classification is preferably detemiined by 
comparison to expected measurements. Alternatively, 
an algorithm that locates a neck of a passenger by de- 
tennining the distribution of the load is used to classify 
the occupant as large enough for air bag activation or 
to small for air bag activation. In yet another alternative 
embodiment, a function of the measurements deter- 
mines the classification. 

[0051] Figure 8 is a flow chart of one embodiment for 
using measured signals to enable or disable an air bag 
system or to provide control signals as a function of the 
classification. The flow chart is optimized to operate with 
the electrode arrangement 1 00 of Figure 5 positioned in 
a base portion of the vehicle seat, but other electrode 
arrangements may be used. 

[0052] The system detemiines whether the seat Is 
empty in process 302. In process 304, the system de- 
temiines whether the seat is occupied by a child seat. 
In process 306, the system detemnines whetherthe seat 
is occupied by an adult or a child. In process 308, the 
system performs various cross-checks or further proc- 
esses to increase reliability for the classification. The 
processes may be perfomied in any order or combined, 
such as performing one or more cross-checks of proc- 
ess 308 as part of one or more other processes 302, 
304, and/or 306. Some processes may be skipped in 
response to the detemiination made in another process- 
es, such as skipping all other detemiination after a clas- 
sification of the seat as empty. Different processes, al- 
gorithms, or calculations for classification may be used. 
[0053] in process 302 for detenminlng whether the 
seat is empty, the system Initializes a count to 0 in act 
310. Acts 314 and 316 are repeated for each of the six 
electrodes (i) as represented by the loop 31 2 Jn act 31 4, 



15 



20 



25 



30 



35 



40 



45 



50 



7 



11 



EP 1 236 609 A1 



12 



A2=( S^g3^S4y( S3^3-S4)*(S4)"y; 

and 

5 

A3=(S5* S^,g4)/(S5. S_4r( S_4)-y. 



the value for each loading cun'ent is compared to an 
empty threshold. If the loading cun-ent is above the 
threshold, the process 302 Increments to the next elec- 
trode in act 312. If the loading current is below the 
threshold, an empty count variable is increased by one. 
Thus, the process 302 provides a count of the number 
of loading current values at any given time that are lower 
than the empty threshold. In one embodiment, if any of 
the loading current values are above the threshold, then 
the seat is classified as occupied. 
[0054] In one embodiment for process 302 and/or an- 
other processes, the loading currents from two or more 
electrodes are averaged to represent a phantom elec- 
trode loading current. For example in the case of the 
paired design shown in Figure 5, four phantom loading 
currents, two for each layer, are detemiined by averag- 
ing different groupings of electrode loading currents. La- 
beling the electrodes 102, 104, 106, 108, 110, and 112 
as electrodes S1 , S2, S3, S4, S5 and S6 (where S1 , S3 
and S5 comprise a first layer and 82, S4 and S6 com- 
prise a second layer), the four phantom loading currents 
are calculated as follows: 

Savg1=(S1+S3)/2 



S3^2=(S2+S4)/2 



Savg3=(S3+S5)/2 



Savg4=(S4+S6)/2 

[0055] In the process 304 for detemrtining whetherthe 
seat is occupied by a child seat, the system initializes a 
child seat count to zero in act 320. Acts 322, 324, 326, 
and 328 are repeated for each of four sections (i) as rep- 
resented by the loop 322. The four sections correspond 
to four unique combinations of at least two electrodes 
and associated loading current measurements. For ex- 
ample, the four sections comprise loading currents from 
four combinations of electrodes: 
(1) electrodes 1 , 2 and 3, (2) electrodes 2, 3 and 4, (3) 
electrodes 3, 4 and 5, and (4) electrodes 4, 5 and 6. 
Other combinations may be used. 
[0056] In act 324, the load A and the distance R are 
determined from the loading currents In a first section. 
The calculations are determined as discussed above. In 
one embodiment, the load A calculations are deter- 
mined as follows: 

A0=( S^^rS2)/( S3,g1-S2r(S2)-^ 
A1=(S3* S^,.2y(S3- S3^2r(S^™2)*^ 



where a correction factor (Sb)'y is used. Based on ex- 
10 perimentation, one prefen'ed value is y =0.4. if any load 
A is less than or equal to 0, the value Is assigned as -1 . 
R is calculated as follows: 

R0=A0/S,^1; 



R1=A1/S3: 



R2=A2/S3^3; 

and 

R3= A3/S5, 

Where any distance R value Is assigned as 99999 if the 
corresponding A value is equal to -1 . 
[0057] Preferably, the distance between the layers of 
electrodes varies as a function of the load. In act 326, 
the distance R from the electrodes to the load is com- 
pared to a child seat th reshold. If the distance R Is above 
the threshold, the process 304 increments to the next 
section in act 322. If the distance R is below the thresh- 
old, the child seat count variable Is increased by one. 
Thus, the process 304 counts the number of sections 
with a distance R at any given time that is higher than 
the child seat threshold. In other words, the number of 
sections with distance values corresponding to an ob- 
ject spaced from the seat is detemnined. In one embod- 
iment, if three of the four sections correspond to distanc- 
es R that are above the threshold, then the seat is clas- 
sified as occupied by a child seat. The child seat may 
be further classified as a FFCS if R1<R2<R3, and as a 
RFIS if R0>R1>R2 or other methods. 
[0058] In the process 306fordetermining whetherthe 
seat Is occupied by a child or an adult, the system ini- 
tializes an area index to 0 in act 334. Acts 338 and 340 
are repeated for each of three times for comparison of 
the load values A for each of the four sections as repre- 
sented by the loop 336. in act 338, the load of one sec- 
tion Is compared to the load of another section, such as 
comparing the load of a section defined by the loop 
count of act 336 with the load of a section defined by the 
area index. For example, the load of section 1 is com- 
pared to the load of section zero, if the load of the section 
defined by the loop count is less than the load defined 



20 



25 



30 



35 



40 



45 



50 



8 



13 



EP 1 236 609 A1 



14 



by the area index, the process 306 increments to the 
next section and associated loop count in act 336. If the 
load of the section defined by the loop count is more 
than the load defined by the area index, the area Index 
variable is set equal to the current loop count variable. 
Thus, the process 306 determines the maximum load 
value and associated section. The maximum load value 
is compared to a threshold to detemiine whether the 
load corresponds to an adult or a child. 
[0059] In one embodiment, the load value A con^e- 
sponding to the maximum distance value R Is excluded 
for performing the process 306. This exclusion may 
eliminate false data caused by averaging loading cur- 
rents from two adjacent electrodes In the phantom load- 
ing cun'ent embodiment discussed above. 
[0060] In the process 308, one or more checl(s and/ 
or other acts are perfomied to verify and/or limit the clas- 
sification. For example, the numerical results of the 
processes 302, 304 and/or 306 are averaged as a func- 
tion of time. This running average is used to classify any 
occupant. Alternatively or additionally, the measure- 
ments of the loading cun^nt are averaged as a function 
of time prior to comparison to thresholds and/or calcu- 
lations. 

[0061 ] As another example, once the characteristic is 
classified, the classification is locked for a time period, 
such as 5 seconds. As the processes 302, 304 and 306 
are repeated for different sets of sequential measure- 
ments, subsequent different classifications are discard- 
ed or averaged and ignored until after a period of time. 
The classification provided as a control signal is not 
changed until after the threshold time period. Addition- 
ally or alternatively, the classification is not changed un- 
less a certain number of consecutive or substantially 
consecutive classifications indicate that the character- 
istic has changed. In an alternative embodiment, a child, 
RFCS and/or PRCS classification is locked until the ve- 
hicle is tumed off or an empty classification is deter- 
mined. 

[0062] As yet another example, overlapping thresh- 
olds are used to prioritize a type of classification. In one 
embodiment, thresholds are set to more easily change 
the classification from an adult to a child than from a 
child to an adult. For example, if the classification is an 
adult, then the maximum load threshold for classifying 
the occupant as a child is set higher than if the classifi- 
cation began as a child. Likewise, the threshold or 
number of sections required for a car seat classification 
may be different as a function of the most recent prior 
classification, resulting in prioritizing between an adult 
and/or a child and a car seat. This prioritization provides 
a gray zone or area between the thresholds. For exam- 
ple, the lower threshold may be based on the load for 
an average 6 year old child and the upper threshold may 
be based on a 5th percentile adult female. Any occupant 
classified within the gray zone is classified according to 
the priority, such as classification as a child. 
[0063] In one embodiment, a check is perfonmed to 



verify that an adult classification is not the result of a 
child standing in one spot or a grocery bag on the base 
portion of the seat. Since the classification as adult is 
based, in part, on the load at one section or area of the 

s seat, this check verifies that the load is distributed as 
would be for a sitting adult. Ratios of the maximum load 
to the load of each adjacent section are compared to a 
load distribution threshold. For example, if the maximum 
load A^ax the A1 load and (A1>135% of AO or 

10 A2<120% of A3), an "IRREGULAR" classification is 
used. Likewise, If Amax=A2 and (A2>135% of A1 or 
A2>200% of A3) or If Amax=A3 and (A3>135% of A2). 
the condition is also judged as " IRREGULAR." Alterna- 
tively, the load for other sections, such as associated 

IS with adjacent areas are compared to the same or a less- 
er load threshold as the maximum load. If the distribution 
of the load corresponds to an adult, the classification is 
verified. Otherwise, the classification is changed to a 
child. Control signals disabling the air bag are provided 

20 in response to an irregular classification. 

[0064] Other checks may be perfomried. If the maxi- 
mum load A is the AO load, the occupant is considered 
out of position or sitting at the edge of the seat. This 
classification is considered "IRREGULAR." 

25 [0065] Preferably, an LED or other output device is 
provided to indicate the status of the control signals. For 
example, the LED is illuminated when the air-bag is dis- 
abled. 

[0066] In one embodiment for use with typical auto- 

30 mobile seating materials, the distance between the lay- 
ers is measured. Automobile seats typically are manu- 
factured. In part, from open-celled polyurethane foam. 
The foam Is used as the Insulator between the electrode 
layers. This approach may allow for improved comfort 

35 and allows easier or more convenient molding of the 
sensors into a seat. Other materials, such as more rigid 
or softer materials, may be used. 
[0067] In this embodiment, compression of the Insu- 
lation layer (e.g. compression of the open-celled poly- 

40 urethane foam) Is accounted for in the calculation of 
mass A and distance R. Furthemriore, the compression 
may be used to detemiine a weight W of the occupant. 
The weight is used for characterization of the load and 
associated control of the air bag system. 

45 [0068] The compression of the insulation layer is ac- 
counted for by measuring the distance d between the 
layers. Sensors S are added to an opposite side of the 
insulation layer for each electrode as shown In Figure 
9. The thickness of the electrodes is negligible com- 

50 pared to the thickness d of the insulator, but are shown 
as substantial in Figure 9 for ease of reference. In alter- 
native embodiments, a sensor S is added opposite to 
as few as one or a sub-set of all of the electrodes E. For 
example, the sensors S are placed opposite the top lay- 

55 er of electrodes, but not the bottom layer of electrodes, 
in alternative embodiments, other electrodes E are used 
instead of the added sensor S. 
[0069] The sensors S comprise electrodes, such as 
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metal foil, webbing or other materials as discussed 
above. Each of the sensors S are of any shape and/or 
size, including similar or different shapes and/or sizes 
as the other sensors S or electrodes E. In one embodi- 
ment, the sensors S comprise a same shape but smaller 
area than the respective opposite electrodes . For exam- 
ple, the area of each sensor S is approximately 1/1 0 of 
the area of the respective opposite electrode E. Figure 
9 shows such an arrangement. As shown, the sensors 
S are positioned near the center of the opposite elec- 
trodes E. but other relative positions may be used. 
[0070] The arrangement of sensors S and electrodes 
E of this embodiment are used to measure the distance 
d. In a first embodiment, two measurements are taken 
for at least one of the electrodes E, one where the op- 
posite sensor S is floating (i.e. not electrically connect- 
ed) and the other where the opposite sensor S is 
grounded. In a second embodiment, the loading cunrent 
or other current is measured for the sensor S where the 
opposite electrode E Is grounded. 
[0071] Referring to this first embodiment, a bottom 
electrode E is used as an example. The same measure- 
ments may be used for others of the electrode-sensor 
combinations. The float measurement is represented 
as: 

B=K(A/(R+d)+Sfloat/d) 

where B is the received or loading current of the 
bottom electrode E (Sb in the similar equations dis- 
cussed above) and Sfloat represents the load caused 
by the thickness sensor S in a floating condition. Sfloat 
is a constant determined as a function of the relative 
sizes and shapes of the sensor S and opposite electrode 
E. 

[0072] The measurement with the sensor S grounded 
is represented as: 

Ba = K (A/(R+d)+Sgnd/d) 

where Ba is the received or loading current of the 
bottom electrode E (Sb in the similar equations dis- 
cussed above) and Sgnd represents the load caused by 
the thickness sensor 8 In a grounded condition. Sgnd Is 
also a constant detemnined as a function of the relative 
sizes and shapes of the sensor S and the grounded con- 
nection. 

[0073] The electrodes are allowed to float or ground- 
ed using the switch 702. The switch comprises a tran- 
sistor, a multiplexer or other switching device, such as 
described above. 

[0074] The equations discussed above are combined 
to provide: 

Ba-B=K(Sgnd/d-Sfloat/d). 



[0075] Sfloat is preferably small. For example, the 
sensor S has the smaller area as discussed above, al- 
lowing Sfloat to be factored out of the determination . The 
combined equation then becomes: 

5 

Ba - B = K(Sgnd/d) or d = K(Sgnd/(Ba - B)) 

[0076] To calculate A and R, measurements, T and B, 
10 for top and bottom electrodes are obtained. Additional 
measurements using the sensors S may be used. Solv- 
ing for the top and bottom electrodes E: 

T = K(A/R) and R = K(AJT) 



B = K(A/(R+d)) 



A = Const. * (TB/(T-B))* (Sgnd/(Ba-B)) 

[0078] Likewise, R is solved for as discussed above 
using (Sgnd/(Ba-B)) forthe distance d. A and R are used 
as discussed above to characterize any occupant and 
control the air bag or other system. The constant in the 
equation for A or R is detenmined through experimenta- 
tion and may account for any of the factors discussed 
herein. 

[0079] Further variables may be used, such as multi- 
plying the equation by B"y to compensate for the com- 
pression where the distance d is not measured. 0.4 was 
chosen for y by experiment. Preferably, the distance is 
measured as discussed herein. In other alternative em- 
bodiments, Sfloat Is assumed to be significant and used 
to calculate A and R. 

[0080] In the second embodiment for measuring the 
distance d, the sensor S is connected with an oscillating 
signal. One embodiment of the sensor S configuration 
is shown In Figure 10, Other configurations may be 
used, such as described above or as shown in Figure 
9. Figure 10 shows three top electrodes E and two bot- 
tom electrodes E. Three sensors S positioned opposite 
the top electrodes E are electrically connected together. 
In alternative embodiments, the sensors S are electri- 
cally independent. 

[0081 ] Sequentially with the electrode measurements 
as described above, the sensors S are used to measure 
the thickness d. For example, the sensors S are con- 
nected to an oscillating signal and the opposite elec- 
trodes E are connected to ground. By grounding the 
electrodes E, the impact of the current caused by any 
occupant is minimized. 

[0082] The loading cunrent is measured. The loading 
cun'ent of the sensors S is larger for a lesser distance 
d. Using experimentally determined values, the loading 



20 [0077] By solving for A: 
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current is matched with a corresponding distance. The 
distance is used In the equations discussed above to 
solve for A and R. 

[0083] Example software code for Implementing this 
embodiment may perfomri the following functions In a 
serial manner: 1 ) output readings are converted to volt- 
ages and compensated for cable length, 2) calculations 
are performed to check for grounded occupant condi- 
tion, 3) the complex impedance of the load is calculated 
using the two-frequency data, 4) distance (d) associated 
with electrodes is calculated, 5) the effective surface ar- 
ea (A) of the load Is calculated, 6) the distance (R) of 
load over the top-layer electrodes is calculated, 7) 
judgement parameters to be used for occupant classifi- 
cation (e.g., average of effective surface areas, maxi- 
mum of effective surface areas, total capacitance of 
load, etc.) are calculated, and 8) the judgement param- 
eters are used to classify the occupant based on prede- 
temiined thresholds, 

[0084] in one embodiment, the distance d Is used to 
detenmine a corresponding weight of an occupant. The 
amount of compression represents a weight being ap- 
plied by the occupant. The relationship is experimentally 
determined as discussed above. A small distance d In- 
dicates a heavier occupant. 

[0085] In one embodiment, the distance is determined 
as a function of measurements before and after a load 
is applied to the seat (i.e. before and after an occupant 
occupies the seat). For example, the capacitance be- 
tween the sensors and the electrodes is assumed to be 
linear as a function of distance. Using the sensor ar- 
rangement of Figure 1 0, the no load voltage, V|, for the 
sensors is equal to k*3S/do, and the load voltage, Vl, 
for the sensors S is equal to k*3S/dL, where dg and d^ 
are the no toad and loaded distances, respectively, S is 
the effective surface area of the electrodes opposite the 
sensor, and k is a constant. Solving for dL, di_ = do(VL/ 
Vj). This overall thickness of the insulator under loading 
conditions may be used to detemriine overall A, R and/ 
or weight values. 

[0086] The weight or distance is used with the A and 
R values to characterize the occupant and control the 
air bag system. For example, thresholds and logic rela- 
tionships are applied to each variable (e.g. W, R and A) 
to detemilne the characteristic, such as size and posi- 
tion of any occupant. The weight W may indicate wheth- 
er an occupant Is an adult or small adult/child. 
[0087] As another example, a weighted combination 
of two or more of these variables is used. Various com- 
binations may be used, such as based on experimenta- 
tion. For example, a weighted sum of 
1/3W4-1/3Amax+1/3Aavg Is compared to a threshold to 
determine whether any occupant is an adult or small 
adult/child. R is used logically to detemnine whether a 
child booster seat Is being used. Other functional rela- 
tionships or calculations may be used. 
[0088] In a further embodiment, weight distribution 
across the electrode an^ay is determined, or separate A, 



R or d values are determined for particular sections of 
the seat. For example, using the sensor an-angement of 
Figure 10, distances d2, d3, d4, d5 and d6 con-espond 
to a respective five electrodes. Where Cap^.g- ^3Pi-4 

5 and Cap^.e are the capacitance change associated with 
electrodes 2, 4 and 6, respectively, the measured chan- 
nel 1 sensor voltage or associated current CH^ equals 
Cap^.2 C3Pi-4 + Cap^.g since the change in capaci- 
tance is represented by current differences. Cap^.g 

10 equals kS(1/d2-1/do); Cap^.^ equals kS(1/d4-1/do); and 
Cap^.6 equals kS(1/d6-1/ do). Assuming that Capi.2' 
Cap^.4 and Cap^.^ equal or approximate to the voltage 
or current at each respective channel CH2, CH4, and 
CHg and defining a total channel voltage CHj as equal 

15 to CH2 + CH4 -H CHg, d2 equals (CHj* do)/ 
(CHTH-m*CHi* CHg'do); d4 equals (CHy* do)/ 
(CHj+m*CHi* CH4*do); and d6 equals (CH/ do)/ 
(CH-pi-m*CHi* CH6*do), where m is a constant. d3 and 
d5 are assumed to be the average of the distances of 

20 associated with adjacent electrodes. A and R values 
may be determined separately for each section as well. 
[0089] The separate A, R and/or d values for sections 
of the seat are used to characterize the load. For exam- 
ple, the values are used to detemnine which thresholds 

25 or algorithms to apply, to designate a distribution of the 
occupant, to calculate maximums, minimums or aver- 
ages, to allow comparisons for occupant characteriza- 
tion or to correct other values or other uses (see Appen- 
dices A and B). The weight distribution as a function of 

30 the distance distribution may be used to further charac- 
terize the occupant. 

[0090] Any one or more of the various measurements, 
calculations or determinations may be responsive to en- 
vironmental conditions within the passenger compart- 
35 ment. The passenger detection system is responsive to 
detection of one or more environmental conditions, such 
as the grounding state of the passenger, humidity and 
moisture. 



[0091] In the Impedance based passenger detection 
system described above, unused electrodes are 
grounded during loading measurements. Capacitive 
45 sensing passenger detection systems may also ground 
unused electrodes. To account for different grounding 
states of a passenger, an additional measurement is 
made with the unused electrodes disconnected from 
ground. 

50 [0092] A first electrode is connected to ground while 
a signal is measured at a second electrode. The switch 
or multiplexer 514 (Figure 4) connects the electrode to 
ground. A loading or receiving current is measured at 
the second electrode. For example and referring to Fig- 

55 ure 5, a loading current is measured at one electrode 
102, 104, 106, 108, 110 or 11 2 whilethe Other electrodes 
are grounded. Where a sensor S (see Figures 9 and 1 0) 
Is provided, the sensor is connected with the oscillating 
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signal supplied to the electrode. Alternatively, the sen- 
sor is grounded or allowed to float. 
The first electrode is then disconnected from ground, al- 
lowing the first electrode to float (i.e. not be electrically 
connected). For example, the switch or multiplexer 514 s 
(Figure 4) is opened. In altemative embodiments, the 
first electrode is disconnected from ground and connect- 
ed to the oscillating circuit 506 (Figure 4) or another sig- 
nal source. For example, the same oscillating signal is 
applied to both the first and second electrodes. A load- 
ing or receiving current is measured at the second elec- 
trode while the first electrode is disconnected from 
ground. Where a sensor S (see Figures 9 and 1 0) is pro- 
vided, the sensor is connected with the oscillating signal 
supplied to the electrode. Alternatively, the sensor is 
grounded or allowed to float. 

[0093] The above connection and disconnection with 
associated measurements sequence may be repeated 
for measurements at each electrode. For example, two 
measurements are made for each electrode, one with 
one or more other electrodes grounded and one with the 
one or more other electrodes disconnected from 
ground. In alternative embodiments, the connection and 
disconnection with associated measurements se- 
quence is perfonned for one or a subset of all of the 
electrodes. 

[0094] The two measurements of the sequence are 
compared. Measurements associated with the same 
ground connection of other electrodes may be averaged 
or combined. Such similar measurements from different 
electrodes may also be averaged or combined. 
[0095] If two measurements associated with different 
ground connections are substantially the same, the pas- 
senger is properly grounded. If the two measurements 
are substantially different, the passenger Is not ground- 
ed. Substantially different values comprise values that 
correspond to grounding levels that result In different 
passenger characteristic determinations based on ex- 
perimentation with the passenger detection system. In 
one embodiment, substantially different values compris- 
es values about 5-100% different from each other, pref- 
erably 50-1 00%, and even more preferably 75-1 00%. In 
altemative embodiments, two or more thresholds asso- 
ciated with three or more levels of grounding are provid- 
ed. 

[0096] Where the passenger is determined to be 
properly grounded, the measurements obtained when 
other electrodes are grounded are used to characterize 
the passenger as discussed above. Where the passen- 
ger is determined to be not grounded or partially ground- 
ed, signals, algorithms, table values, calculations or an- 
other parameter are altered to account for the de- 
creased impedance effects of the passenger. For exam- 
ple, the signal values measured are multiplied by a 
weight or a table used for detecting a passenger is se- 
lected as a function of the grounding state. The weight 
may be applied selectively, such as just to signal values 
used for passenger detection (e.g. signal values asso- 



ciated with grounding of other electrodes) or to a sub- 
set of such signal values. 

[0097] In an example for the embodiments of Figures 
5, 9 and 10, measured values for electrodes on a layer 
closest to the passenger seating area are multiplied by 
one weight and measured values for electrodes on a lay- 
erfurther from thepassenger seating area are multiplied 
by another weight. In one embodiment, a lesser weight, 
such as 2/3, is applied to the upper layer measurements, 
and a greater weight, such as 9/1 0. is applied to the low- 
er layer measurements. Other weights may be used and 
other functions in addition or as an altemative to multi- 
plication may be used. 



[0098] The passenger detection system may be sen- 
sitive to humidity. Referring to Figures 2 and 10, a hu- 
midity sensor HI detects humidity levels. The passen- 
ger detection system is responsive to the humidity sen- 
sor, accounting for humidity effects on the detection of 
a passenger. 

[0099] Figure 11 shows the humidity sensor circuit 
that connects with the oscillating circuit 506 and detector 
504 (Figure 4). A channel in addition to the channels for 
the electrodes is provided for the humidity sensor 800 
connection with the microprocessor 502. The humidity 
sensor 800 is connected as an electrode or antenna in 
the passenger detection system 500. The humidity level 
is measured sequentially in each cycle of measuring 
cun^ent in each electrode or more or less frequently. 
[0100] The humidity sensor circuit includes the hu- 
midity sensor 800, resistors 802 and 804 and buffers 
806 and 808. The transmit buffer 806 connects with the 
oscillating circuit or another signal source, and the 
measurement buffer 808 connects with the detector 
504. 

[0101] The humidity sensor 800 comprises a capaci- 
tive type humidity sensor. For example, the humidity 
sensor 800 comprises a solid state capacitive humidity 
sensor that operates in response to an oscillating drive 
signal. Other types of humidity sensors may be used. 
The humidity sensor 800 is positioned between the seat 
trim and the cushion foam to sense the amount of water 
vapor or liquid in the trim, seating area or passenger 
compartment. In one embodiment, the humidity sensor 
800 is positioned adjacent to at least one electrode. In 
alternative embodiments, the humidity sensor 800 is po- 
sitioned in an aperture in the seat foam, beside the seat 
or at another location within the passenger compart- 
ment. In yet another alternative embodiment, the humid- 
ity sensor 800 comprises a humidity sensor positioned 
within an air processing (e.g. air heating or conditioning) 
unit, 

[0102] A signal, such as an oscillating signal, is ap- 
plied to the humidity sensor 800 from the transmitting 
buffer 806. The oscillating signal is periodically provided 
to the transmitting buffer 806 at any frequency, such as 
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120-125KHZ. 

[0103] The resistors 802 and 804 comprise a voitage 
divider and are connected in series between tlie humid- 
ity sensor 800 and the transmitting buffer 806. In one 
embodiment, one or both of the reslsters 802 and 804 
comprise thermisters for temperature compensation. 
The voitage drop across the resistor 802 adjacent the 
humidity sensor 800 is provided to the measuring buffer 
808. The voltage drop corresponds to the current in the 
humidity sensor 800. Thus, the voltage divider, the 
measuring buffer 808 and the detector 504 comprise a 
voltage detector, but other voltage detectors may be 
used. In one embodiment, the resistor 802 connected 
to the humidity sensor Is a 1 K ohm resistor, and the re- 
sistor 804 connected to the transmitting buffer 806 Is a 
10K ohm resistor. Other resistors or circuits may be 
used for measuring the humidity level. 
[0104] The detector 504 converts the output of the 
measuring buffer 808 to a DC voltage representing the 
RMS value of the curent in the humidity sensor 800. in 
one embodiment, an absolute humidity Is calculated 
from the measured humidity level and a temperature 
measurement. Using output from a thermometer posi- 
tioned within the passenger compartment, the micro- 
processor 502 calculates the absolute humidity. In alter- 
native embodiments, the measured humidity level from 
the detector 504 is used alone or combined with other 
values. 

[0105] Measured values, algorithms, processes orta- 
bles are altered or selected as a function of the humidity 
level For example, a plurality of tables, such as twenty 
tables, associating measured currents to the presence 
or characteristic of a passenger are provided. Each ta- 
ble corresponds to a different humidity level or range of 
levels as a function of the relationship between humidity 
and measuring capacitance or Impedance. As another 
example, the measured values representing the cun^ent 
at the electrode are altered as a function of the humidity 
level. In one embodiment, the values are altered by 
about 5% for maximum humidity given a temperature 
between 10 and 50 degrees Celsius. Other amounts of 
alteration may be provided. The resolution and associ- 
ated amounts of alteration or table selections is based 
on the experimental or theoretical relationship of humid- 
ity to measured value. 

MOISTURE DETECTION: 

[0106] The passenger detection system may be sen- 
sitive to liquid adjacentto the antenna, electrodes or oth- 
er sensors. One or more moisture sensors are provided. 
The passenger detection system is responsive to the 
moisture sensor, accounting for a liquid's effects on the 
detection of a passenger. 

[0107] In one embodiment, a moisture sensor sepa- 
rate from the electrodes of the passenger detection sys- 
tem is provided. Referring to Figures 2 and 1 0, the mois- 
ture sensor W1 detects moisture levels. The moisture 



sensor W1 comprises two electrodes separated by cloth 
or other moisture absorbing or holding material. For ex- 
ample, two rectangular electrodes are separated by 1 
mm of cloth tape. In an alternative embodiment, one of 

5 the two electrodes of the molstu re sensor W1 comprises 
one of the electrodes of the passenger detection sys- 
tem. Other moisture sensors may be used. The moisture 
sensor W1 is positioned within the fabric covering of the 
seat 1 , on a top or bottom surface of the seat insulator 

10 or within the insulator. In one embodiment, the moisture 
sensor W1 is positioned adjacent to one or more of the 
electrodes of the passenger detection system. 
[0108] The resistance between the two electrodes of 
the moisture sensor W1 is measured. For example, a 

IS oscillating or DC signal is applied and a voltage drop Is 
measured. The resistance changes as a function of the 
amount of moisture or liquid absorbed between the two 
electrodes. 

[01 09] In alternative embodiments, the moisture sen- 
20 sor comprises one or more of the same electrodes used 
for detecting the presence of an occupant. To detect 
moisture, measurements responsive two different trans- 
mission frequencies are made. For example, loading or 
receiving measurements responsive to sequential 
25 transmission of 125 KHz and 90 KHz are made. Non- 
transmitting or non-receiving electrodes are grounded 
during the measurements. 

[0110] The phase angle delay of each measurement 
relative to the transmitted waveform is calculated by the 
30 microprocessor 502 or another digital or analog device. 
For example, the following equations are used: 
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where v,^ and V^^ are the measured voltages respon- 
sive to the lower frequency transmission, and Vo2 are 
the measured voltages responsive to the higher fre- 
quency transmission and co-j and 002 are the transmis- 
45 sion frequencies. 

[0111] The resistance R between the electrode asso- 
ciated with measurements and other grounded elec- 
trodes is calculated as a function of the phase angle: 



50 



V * R 



V * R 



V^^ * COS ©1 



where is the output impedance of the channel asso- 
55 dated with the measuring electrode. The capacitance 
may likewise be solved: 
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Vf^ * sin ©1 Vf^ * sin ©2 

[01 1 2] The resistance or resistance change between 
electrodes indicates a moisture level associated with the 
electrode, if the resistance change exceeds a threshold, 
the electrodes of the passenger detection system are 
considered as wet. In one embodiment, the moisture 
level Is measured separately for each electrode of the 
passenger detection system. In alternative embodi- 
ments, one or a sub-set of the electrodes are used. 
[01 13] Determining the presence of a passenger is re- 
sponsive to the measured moisture. The microproces- 
sor 502 or another analog or digital device implements 
changes as a function of the measured moisture. In one 
embodiment, a fault signal is generated in response to 
a moisture level above a threshold. The detection of the 
presence of the passenger is determined as faulty as a 
result of the amount of moisture. In another embodi- 
ment, any of the values, algorithms, tables or calcula- 
tions discussed above for detecting the presence of a 
passenger are altered or selected as a function of the 
detected moisture level. The type or amount of alteration 
is based on experimentation showing the effects of 
moisture level on detection of the passenger 
[01 14] The present invention is not limited to the em- 
bodiments provided above. For example, the frequency 
of the signal output from the oscillator can be other than 
120 kHz, depending on the object to be detected. In ad- 
dition, the voltage amplitude of the signal can be outside 
the range of 5 to 12 volts, and the output wave form can 
be a wave form other than a sine wave. The electrodes 
may be positioned In different locations adjacent to the 
passenger seating area, such as in the roof liner, on the 
floor, in the seat back, on the dash board and/or on the 
seat in front of a back seat. The system may be used to 
operate with one or more of many different systems, in- 
cluding front impact air bags, side impact airbags, seat 
belt controls, temperature controls and other devices of 
a vehicle. The measurements, whether loading cur- 
rents, received currents or combinations thereof, may 
be used with any of various algorithms to classify the 
passenger. The system may also be used for other ap- 
plications, such as hospital beds for controlling devices 
dependent upon the characteristics of an occupant. 
More than two layers of electrodes may be used. Any 
combination of no, one or more environmental sensors 
and associated measurement sequences may be used. 
[0115] While various embodiments have been de- 
scribed herein, changes and modifications may be 
made without departing from the scope of the invention 
which is defined by the following claims and equivalents 
thereof. 



Claims 

1 . A vehicle passenger detection system for sensing 
a passenger in a passenger seating area, the sys- 

s tern comprising: 

a passenger detection system; and 
a humidity sensor connected with the passen- 
ger detection system; 

10 

wherein the passenger detection system is re- 
sponsive to the humidity sensor. 

2. The system of Claim 1 , wherein the humidity sensor 
IS comprises a solid state capacitive humidity sensor. 

3. The system of Claim 1 or Claim 2, wherein the hu- 
midity sensor is positioned in a seat. 

20 4. The system of Claim 3, wherein the passenger de- 
tection system comprises an electrode in the seat. 

5. The system of any preceding claim, further compris- 
ing: 

25 

an oscillator operatively connected with the hu- 
midity sensor; and 

a voltage detector operatively connected with 
the humidity sensor. 

30 

6. The system of Claim 5, wherein the voltage detector 

comprises: 

two resistors connected in series between the 
35 humidity sensor and the oscillator; and 

a buffer connected between the two resistors. 

7. The system of any preceding Claim, wherein a 
measured value of the passenger detection system 

40 Is altered as a function of an output of the humidity 
sensor. 

8. The system of any preceding claim, wherein a table 
for the passenger detection system is selected as 

4s a function of an output of the humidity sensor 

9. A vehicle passenger detection system for sensing 
a passenger in a passenger seating area, the sys- 
tem comprising: 

50 

a passenger detection system; and 
a moisture sensor connected with the passen- 
ger detection system; 

55 wherein the passenger detection system is re- 

sponsive to the moisture sensor. 

1 0. The system of Claim 9, wherein the moisture sensor 
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comprises two conductors connected by an absorb- 
ent material. 

1 1 . The system of Ciaim 1 0 further comprising circuitry 
to measure a resistance between the two conduc- 
tors. 

12. The system of any of Claims 9 to 11 , wherein the 
moisture sensor Is positioned In a seat. 

13. The system of Claim 12, wherein the passenger de- 
tection system comprises an electrode adjacent to 
the moisture sensor In the seat. 

14. The system of any of Claims 9 to 13 further com- 
prising a processor operable to detemiine a mois- 
ture level as a function of transmissions at different 
frequencies. 

15. The system of Claims 9 to 14, wherein a measured 
value of the passenger detection system is altered 
as a function of a moisture level. 

16. The system of Claims 9 to 15, wherein a table for 
the passenger detection system is selected as a 
function of a moisture level. 

17. The system of any of Claims 9 to 16, wherein de- 
tected moisture generates a fault condition of the 
passenger detection system. 

18. The system of any preceding Claim, wherein the 
passenger detection system comprises a capacl- 
tive sensing system. 

19. The system of any preceding Claim, wherein the 
passenger detection system comprises: 

at least one electrode; and 

circuitry operable to detect a current in the at 

least one electrode. 

20. The system of Claim 19, wherein the circuitry com- 
prises a controller operative to detennlne the char- 
acteristic of the passenger as a function of data from 
the at least one electrode. 

21. The system of any preceding Ciaim, wherein the 
passenger detection system operatively connects 
with an air bag control system. 

22. A vehicle passenger detection method for sensing 
a passenger in a passenger seating area, the meth- 
od comprising the acts of: 

(a) measuring a humidity; and 

(b) detemnining a presence of the passenger In 
the passenger seating area; 



wherein (b) is a function of the measured hu- 
midity. 

23. The method of Claim 22, wherein (a) comprises 
5 measuring a humidity sensitive capacitance. 

24. The method of Claim 22 or Claim 23, wherein (a) 
comprises; 

10 (a1 ) applying an oscillating signal to a humidity 

sensor; and 

(a2) detecting a voltage connected with the hu- 
midity sensor. 

IS 25. The method of any of Claims 22 to 24, 

wherein a measured value is altered as a function 
of an output of the humidity sensor. 

26. The method of any of Claims 22 to 25, 

20 wherein a table is selected as afunction of an output 
of the humidity sensor. 

27. A vehicle passenger detection method for sensing 
a passenger in a passenger seating area, themeth- 

25 od comprising the acts of: 

(a) measuring moisture; and 

(b) detennlning a presence of the passenger in 
the passenger seating area; 

30 

wherein (b) is a function of the measured 
moisture. 

28. The method of Claim 27, wherein (a) comprises 
35 measuring a resistance. 

29. The method of Claim 27 or Claim 28. wherein (a) 
comprises: 

40 (a1) applying first and second oscillating sig- 

nals at first and second frequencies, respec- 
tively; and 

(a2) calculating a moisture level as a function 
of signals responsive to (a). 

45 

30. The method of any of Claims 27 to 29, 

wherein a measured value Is altered as a function 
of the measured moisture. 

50 31. The method of any of Claims 27 to 30, 

wherein a table is selected as a function of the 
measured moisture. 

32. The method of any of Claims 27 to 31 , 

S5 wherein (b) comprises sending a fault signal where 
a moisture level exceeds a threshold. 

33. The method of any of Claims 22 to 32, 
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wherein (c) comprises applying the oscillating 
signal to the first electrode. 

44. The method of any of Clainns 40 to 43 further com- 
5 prising: 

(f) repeating (a)-(d) for different combinations 
of electrodes. 



wherein (b) comprises determining the presence 
with a capacitive sensing system. 

34. The method of any of Claims 22 to 33, 

wherein (b) comprises detecting a current in at least 
one electrode. 

35. The method of Claim 34 further comprising: 

(c) detemriining a characteristic of the passen- 
ger as a function of data from the at least one 

electrode. 

36. The method of any of Claims 22 to 35, 

wherein (a) comprises measuring with a sensor po- 
sitioned In a seat. 

37. The method of Claim 36, wherein (b) comprises de- 
temriining in response to a signal in an electrode ad- 
jacent the sensor in the seat. 

38. The method of Claim 36, wherein (b) comprises de- 
temiining in response to a signal in an electrode In 
the seat. 

39. The method of any of Claims 22 to 38 further com- 
prising: 

(c) controlling an air bag system in response to 
(b). 

40. A vehicle passenger detection method for sensing 
a passenger In a passenger seating area, the meth- 
od comprising the acts of: 

(a) connecting a first electrode to ground; 

(b) measuring a first signal at a second elec- 
trode while the first electrode is connected to 
ground; 

(c) disconnecting the first electrode from 
ground; 

(d) measuring a second signal at the second 
electrode with the second electrode is discon- 
nected from ground; and 

(e) detennining a grounded state of the passen- 
ger as a function of the first and second signals. 

41. The method of Claim 40, wherein (c) comprises al- 
lowing the first electrode to float. 

42. The method of Claim 40, wherein (c) comprises ap- 
plying a signal to the first electrode. 

43. The method of Claim 42 further comprising: 

(f) applying an oscillating signal to the second 
electrode during (d); 



10 45. The method of any of Claims 40 to 44, 

wherein (b) and (d) are sequentially perfomned. 

46. The method of any of Claims 40 to 45, 

wherein (e) comprises comparing the first signal to 
15 the second signal. 

47. The method of Claim 46 further comprising: 

(f) altering the first signal when the first signal 
20 is substantially different than the second signal . 

48. The method of Claim 47 wherein (f) comprises al- 
tering as a function of a distance from the second 
electrode to the passenger seating area. 

25 

49. The method of any of Claims 46 to 48, 

wherein (e) comprises detemninlng that the passen- 
ger is grounded where an amplitude of the first sig- 
nal is substantially the same as the amplitude of the 
30 second signal. 

50. The method of any of Claims 46 to 49 further com- 
prising: 

35 (f) selecting a table when the first signal is sub- 

stantially different than the second signal. 

51 . A vehicle passenger detection system for determin- 
ing a ground state of a passenger in a passenger 

40 seating area, the system comprising: 

first and second electrodes; 

a switch operable to connect the first electrode 

to ground; and 

45 a means for measuring first and second signals 

at the second electrode when the first electrode 
is connected to ground and when the first elec- 
trode is disconnected from ground, respective- 
ly- 

50 

52. The system of Claim 51, wherein the switch is op- 
erable to connect the first electrode to ground and 
to open the connection between the first electrode 
and other conductors. 

55 

53. The system of Claim 51 or Claim 52, wherein the 
switch is operable to connect the first electrode to 
ground and to an oscillator. 
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54. The system of any of Claims 51 to 53 further com- 
prising a processor connected with the means for 
measuring, the processor operable to compare the 
first signal with the second signal. 
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FIG.I(a) 
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